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ABSTRACT

Daily separation of rat pups from their mothers while the preweaning period has an impact on behavior and stress re-
sponse of pups. We hypothesized that maternal separation may create a depression-like state in mother rats from which
we separate the rat pups and decrease their reproductive function and fertility. Also, we aimed to evaluate the transmis-
sion degree of depression and anxiety across generations. Females aged 3 months were divided in two groups of 10 rats
each. After a first mating and a first parturition, we conducted maternal separation 3 h during 22 days for the experi-
enced group while the control group mothers kept their pups. At 4 months of age, females underwent behavioral tests
and a second mating. Second generation’s pups were also subjected to behavioral tests. Behavioral tests showed that
mothers which experienced separation were more depressive and anxious than control ones, also they had a lower litter
size. Rats pups of the second generation whose mothers experienced maternal separation also revealed behavior
changes akin to depression and anxiety. Thus, maternal separation causes depressive and anxious-like states on mother
rats which experienced separation and has an impact on their litter size. Also, consequences of maternal separation seem
to last throughout generations.
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1. Introduction selective breeding for extremes in a particular behavioral
phenotype and environmental manipulations.

To reproduce as closely as possible the circumstances
known to foster diseases in humans, many experimental
animal models have been developed. However, animal
models based on social stressors, such as disruptions of
attachment relationship between mother and her pups are
the most documented. The relationship between the
mother and the newborn rat is of fundamental importance
in all species. In the harmonious development, the mo-
ther serves as a link between the first environment and
animal development; maternal separation could therefore
lead to adverse consequences [2].

Indeed, children who faced emotional and physical
neglect or abuse showed behavior problems, reduced posi-
tive affect expression, difficulty with emotion regulation
and social impairments. Also, emotional effects include
increased negativity and fearfulness and behavior prob-

Precocious chronic stress during early life is known to
produce a variety of long-lasting effects that may con-
tribute to future psychiatric disorders. However, its po-
tential to affect reproductive capacities and induce de-
pression and anxiety across generations has not been
deeply tested.

Etiology and pathophysiology of those affective dis-
orders remain hard to elucidate despite a lot of advances
in neurobiology which lead to recent findings as distur-
bance in intracellular signaling in brain circuits or
changes in gene sequence or expression. Enhancing the
basic knowledge about affective disorder is contingent on
availability of appropriate disease models.

Animal models of chronic stress constitute valuable
tools by which to investigate the behavioral, endocrine
and neurobiological changes underlying stress-related
psychopathologies [1], such as major depression and

anxiety. Three general strategies to develop stress-related
animal models have been adopted: genetic manipulation,
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lems as insecure attachments [3].
The impact of maternal separation on Wistar rats pups
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is well studied. In our previous studies, we demonstrated
that 3 hours maternally separated rat pups during the pre-
weaning period develop a depressive and an anxious-
like behaviors (unpublished data). However, effects of
maternal separation on mother rats and rat pups of a sec-
ond generation have not been studied in depth.

We hypothesized, on one hand, that separation-in-
duced depression and anxiety affect mothers’ rat and
cause behavioral perturbations and reproduction trouble.
On the other hand, we examined consequences of mater-
nal separation in a second generation of rat pups whose
mothers were subjected to maternal separation.

To test this hypothesis, we made use of behavioral test
(Open field test, Elevated Plus Maze and Forced Swim
test) and examination of litter size.

2. Methods
2.1. Animals

All experimental procedures were performed according
to the NIH Guide for the Care and Use of Laboratory
Animals. The animals used in this study are rats from the
wistar strain. They were born, bred and housed on a 12
hlight/12 h dark cycle, 50% to 60% humidity and at a
standard temperature 21°C + 1°C. Water and food were
provided ad libitum.

2.2. Procedure

After the first mating and 22 days of gestation, female
rats (3 months of age) gave birth to their first litters.
Groups were randomly shared out into:

Control mothers group (N = 10): composed of mothers
who kept their pups throughout the duration of weaning
(22 days).

Experimental mothers group (N = 10): composed of
mothers whose pups were removed for 3 hours each day
for 22 days.

Pups were daily removed from dams’ cages from 1%
day of birth to 22" day post-partum and every pup was
disposed in a pot whose bottom was covered with a paper
towel. Mothers were also shifted from the dam cage and
placed in another cage.

At 4 months of age, these mothers were submitted to
behavioral tests and were mated again to males.

We composed four groups from the litters of the sec-
ond mating; those rats underwent behavioral tests at one
month of age:

Male (N = 5) and female (N = 5) descendants of con-
trol mothers;

Male (N = 5) and female (N = 5) descendants of
mothers previously submitted to maternal separation
(Experimental mothers group).

Copyright © 2013 SciRes.

2.3. Behavioral Testing

2.3.1. Open Field Test (OF)

The investigatory behavior was tested in a wooden made
apparatus (100 cm % 100 cm). As previously reported [4],
it was enclosed with 40 cm high walls and placed under
strong illumination (100 W, 2 m above the apparatus).
The area was divided into 25 squares (20 cm x 20 cm),
defined as 9 central and 16 peripheral squares. At the
beginning of the 10-min test, the animal was placed in
the center of the apparatus and its behavior was video-
taped for subsequent analysis. The device was cleaned
after each individual rat session. The quantified parame-
ters were the time spent in the center of the area and the
number of returns to the nine square central sections.
Central perimeter residence time is used as measure of
anxiety [5]. The number of returns to the central area is
also an indicator of the emotional reactivity [4]. The cen-
tral area of a novel environment is anxiogenic and aver-
sive and the behavioral inhibition appears therefore as an
avoidance behavior towards the central zone of the open
field [6]. The apparatus was cleaned between each ex-
amination using 70% ethyl alcohol.

2.3.2. Elevated Plus Maze Test (EPM)

The EPM is an ethological model of anxiety in rodents
provoked by the novelty and repulsion as a result of ele-
vation and illumination of the maze [7]. This test is based
on the creation of a conflict between the exploratory
drive of the rat and its innate fear of open and exposed
areas; it has been validated for the detection of emotional
responses to anxiogenic and anxiolytic substances [8].
Thus, increased open-arms exploration indicates reduced
anxiety-related behavior. The EPM consists of a wooden
plus-shaped platform elevated 70 cm above the floor.
Two of the opposing arms (50 cm x 10 cm) are closed by
40 cm high side and end walls, having an open roof. In
order to avoid fall, the other two arms (open arms) were
surrounded by 0.5 cm high edge, the four arms had at
their intersection a central platform (10 cm x 10 cm). A
100-W lamp was placed exactly over the central platform.
At the beginning of the test, the rats were placed on the
central area of the maze facing an open arm. The follow-
ing parameters of anxiety-related behavior were meas-
ured during the 5 min testing period: 1) entries into open
arms, 2) time spent on the open arms, 3) and number of
full entries into the arms. Decreased anxiety-like behav-
ior is illustrated by a significant statistical increase of
parameters in open arms (time and/or entries). Although
entries in closed arms and total entries reflect the motor
component of the exploratory activity, to eliminate any
lingering olfactory cues, the apparatus was cleaned be-
tween each examination using 70% ethyl alcohol.
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2.3.3. Forced Swim Test (FST)

The method followed was that described by Porsolt et al.,
[9]. To assess depressive-like responses, rats were indi-
vidually placed in a cylinder (height = 50 cm; diameter =
30 cm) containing 27 cm water (22°C) from which they
could not escape. The rats were placed in the water for 5
min and the duration of immobility was measured. The
latency to the first bout of immobility was also recorded
starting immediately after placing the rats in the cylin-
ders. A rat was judged immobile when it ceased all active
behaviors (i.e. struggling, swimming and jumping) and
remained passively floating or making minimal move-
ments necessary to maintain the nostrils above water.
High percent time floating is interpreted as an increased
depressive-like response.

2.4. Data Analysis

To determine the differences between control and ex-
perimental groups, statistical analysis was performed by
analysis of variance (ANOVA). The comparison of the
means and their ranking was realized by the Duncan test
whenever the analysis of variance showed significant
differences.

Differences were considered significant when p < 0.05,
very significant when p < 0.01 and highly significant
when p <0.001.

3. Results
3.1. Mother Rats

3.1.1. Behavioral Test
Table 1 shows performances of control and experimental
groups of mothers rats in the three behavioral tests used
in this study.

Immobility time in the FST was significantly affected
by separation experience (p = 0.0001). Indeed, Mothers

that had been daily separated from their pups for 3 h per
day during 22 days showed a highly significant increase
in time of immobility in the FST than mothers of the
control group. This indicates a great depression-like re-
sponse.

In one hand, maternal separation very significantly af-
fected the time spent in open arms, mothers of the ex-
perimental group spent less time visiting the open arms
comparatively to control mothers which stay more. In
another hand, maternal separation did affect neither
number of entries in open arms nor total number of en-
tries in all arms.

Moreover, maternal separation significantly affected
time spent in the central area of the OF test, also it very
significantly increase number of returns in the central
area. Indeed, mothers having experienced separation
spent less time in the central area and visited it less fre-
quently. Number of straightening and excrements were
not significantly affected by maternal separation.

The performances realized by the rats in the EPM and
the OF shown an anxious-state in the experimental group.
However, the depression-state is more pronounced as
stated by the results of the FST.

3.1.2. Examination of Litter Size after a Second
Parturition

Table 2 shows the litter size of mothers belonging to
controls and experimental groups. On one hand, com-
parison of litter sizes of control groups after two con-
secutive parturitions showed no statistically significant
difference. This indicates that the age of the mothers had
no influence on litter size since both mating were held a
month apart.

On the other hand, maternal separation affected very
significantly the number of pups after a second parturi-
tion of experimental group as shown by Table 2. The
experimental group’s litter size became lower than the

Table 1. Performance of mother rat in behavioral tests. Times are measured in seconds.

Control group

Experimental group

Parameter of Behavioral Test Mean Standard Deviation Mean Standard Deviation P
Time of immobility (FST) 15.4 5.12 59.5 28.71 p=0.0001"
Number of entries in open arms (EPM) 4.3 1.49 3 2.16 N.S
Time spent in open arms (EPM) 64.30 14.57 24.9 35.23 p<0.05"
Total number of entries in all arms (EPM) 8.4 2.36 6.4 3.37 N.S
Time spent in central area (OF) 65 38.33 27.8 17.68 0.01 <p<0.05"
Number of returns in central area (OF) 6.6 33 3.1 1.91 p<0.05"
Number of straightening (OF) 7.1 4.84 4.7 1.33 N.S
Number of Excrements (OF) 2 1.49 2.4 1.5 N.S
p: Probability; NS: Non significant; *: Significant; *": Very significant; ~: Highly significant.
Copyright © 2013 SciRes. JBBS
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Table 2. Comparison of litter sizes’ of control and experimental group.

Control Group

Experimental Group

First Litter Second Litter p

Mean Standard Deviation Mean Standard Deviation

9.7 2.54 10 1.15 N.S

Mean Standard Deviation ~ Mean

10.2 2.29 7 24

First Litter Second Litter p
Standard Deviation

p<0.05"

p: Probability; NS: Non significant; ~": Very significant.
size litter that was obtained before maternal separation.

3.2. Offspring of the Second Generation

Submission of Rats Pups of the Second Generation to
Behavioral Tests (Table 3)

Male and female one month aged rats (experimental
group) tested here are descendants from a second parturi-
tion of mothers previously described as depressed and
anxious, their performances were compared to those of
control one month aged rats (control group) from control
mothers.

Descendants rats from depressed and anxious mothers
showed, respectively for male and female, a very and a
high significant increase in time of immobility in the FST
than control rats. This demonstrates a depression-like
state in male and in female rats. Furthermore, gender
influences significantly the immobility time (0.01 < p <
0.05) and female rats ceased all active behaviors more
often than males. Immobility time in FST test was the
only sex-dependent variable.

Both male and female rats from experimental group
spent more time in open arms of the EPM test than rats
from control group. Moreover, only male rats from ex-
perimental group showed a significant increase in num-
ber of returns to the central area of the OF.

Rats’ performances in EPM and OF tests revealed an
anxious-state less marked than the depressive-state.

Environmental stressors, as maternal separation, can
lead to both anxiety and depression that are considered as
affective disorder. While the effect of maternal separa-
tion in rat pups of a first generation is well studied, we
demonstrated here that mothers exhibited depressive and
anxious behaviors and these states seem to be transmitted
to a second generation of pups.

4. Discussion

The results reported here describe a form of depression
and anxiety, induced by disruptions of attachment rela-
tionships.

Firstly, we demonstrated that mothers subjected to
maternal separation showed high levels of depressive
like-behavior and moderated anxious state.

Indeed, most studies have concentrated on the effect of
maternal separation on pup behavior and physiology with

Copyright © 2013 SciRes.

little attention being paid to the impact on mothers.
Nonetheless, Boccia et al., [10] demonstrated that moth-
ers subjected to long maternal separation exhibited more
immobility and fewer escape attempts than non-separated
mothers. These results suggest that long maternal separa-
tion induces a depression-like state and a reduction on
mother nursing behavior (a decrease of licking that pups
receive from mothers).

Thus, separation of pups from dam is also very stress-
ful for the mothers and this is reflected by increasing
plasma corticosterone, decreasing plasma prolactin and
heavier adrenals which are a marker of chronic stress
[11]. These observations suggest that prolonged separa-
tion may evoke emotional stress to the dams, elevate
plasma stress hormones which alter hypothalamic-pitui-
tary-adrenal activity and therefore may predispose to
depression and anxiety-like behaviors [12].

Afterwards, we showed that the litter size of mothers’
rats which underwent maternal separation had signifi-
cantly decreased. This finding states an eventual cross-
talk between the reproductive system and the pathophy-
siological circuits underlying affective disorders.

Indeed, clinical studies have demonstrated that rates of
depression increase when estrogen (an essential hormone
at all stages of gestation) levels decline such as occur-
rences surrounding menses, as well as during pregnancy,
the postpartum period, and menopause [13].

Estrogen has an essential function in Hypothalamo-
Pituitary-Adrenal (HPA) axis regulation through: direct
effects on the hypothalamus; modulation of estrogen re-
sponse elements within the Corticotropin Releasing
Hormon gene [14] and modulation of glucocorticoid re-
ceptors in the anterior pituitary, hypothalamus, and hip-
pocampus [15,16].

Thus, we could state that when estrogen level decreased,
affective disorders were set as a result of HPA axis dys-
functions and reproductive troubles that followed leading
to a small litter size.

After a second parturition, depressed and anxious
mothers which experienced maternal separation gave
birth to descendant with an obvious depressive like-state
as shown by long time of immobility in the forced swim
test and a barely perceptible anxious state. There were no
sex significative differences.

Thus, effects of maternal separation seem to be persis-
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Table 3. Performances of a second generation of rat from depressed and anxious mothers in behavioral tests. Times are

measured in seconds.

Control Group

Experimental Group

Parameter of behavioral test Mean Standard Deviation Mean Standard Deviation b
Time of immobility (FST) gggg gié; gzg gﬁéj 80£gizgag9r*
Number of entries in open arms (EPM) g 33 g (2)3’37 9@4?’3 g gég g II:IIS
Time spent in open arms (EPM) 987761.‘4 %1149'.696 g gég g ;002 Cg 881 zg z ggg:
Total number of entries in all arms (EPM) Cé }gi g ;(9)‘7‘ 0 ?3?66 39 86%188 Cé II:IIg
Time spent in central area (OF) 6999162 %161.5053 96899?2 5157%53 Cg Eg
Number of returns in central area (OF) 988111 g };‘i 39758 g égj a8 0-019<§S< 0.05"
Number of straightening (OF) &9%6 g 12.‘262 595 '656 g 19572 Cg TI:IIE
Number of excrements (OF) 50(.)2 9%2‘4 930%3 Q% 27 g ES

p: Probability; NS: Non significant; " Significant; ™ Very significant; ~": Highly significant.

tent: when a rat’s mother underwent this kind of stress, it
transmitted its character of depression and anxiety to its
descendants.

Changes in behavior may be led by hormones trans-
mission during gestation, especially corticosterone [17].
The early environment manipulations have the ability to
program HPA axis. The phenotype of HPA function fol-
lowing early manipulation depends on the timing and
intensity of the manipulation, in addition to the gender of
the fetus or neonate [18]. In our study, females develop
high rates of depression compared to males. This indi-
cates that the expression of the transmitted character
takes place in a particular hormonal context.

Both in human and in animals, the vulnerability of fe-
males to mental illnesses and especially affective disor-
ders has been well established [19,20] and this epidemi-
ological character is usually related to hormonal fluctua-
tions that women underwent throughout their lives.

To explain the mechanism of the transmission of de-
pression and anxiety from mothers to rat pups, Saavedra-
Rodriguez and Feig [17] evoke three possible mecha-
nisms: a genetic transmission, an epigenetic transmission
and/or a lack of maternal care.

These findings support the idea that individual risk for
psychiatric disorders that involve enhanced depression
and/or anxiety may be dependent not only on the specific
genes that are inherited from one’s parents and on one’s
own experiences but also on the experiences of one’s
parents.
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